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NMSU Program Review

February 23, 1999

Time Topic

8:30 - 8:45 Welcome & Introductions

8:45-9:00 Program Overview - Stephen Horan

9:00 - 10:00 Bandwidth Efficient Modulation and
Equalization Techniques - James LeBlanc

10:00 - 10:30 Parallel Signal Processing - Phillip DeLedn

10:30 - 10:45 Break

10:45-11:45 Turbo Codes and Low SNR Carrier Recovery
Techniques - William Ryan

12:00-1:30 Lunch

1:30 - 3:30 Small Satellite Communications Techniques:
Flight Experiments - Stephen Horan
Real-Time Doppler Tracking - Phillip DeLe6n
Protocol Testing - Stephen Horan
Optical Communications Techniques - Tom Shay

3:30-4.00 Laboratory Demonstrations

4:00 - 5:00 Faculty & NASA review

5:00 Adjourn
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Scott Allen

Phillip De Leon

Charlene Gilbert

Brian Gioannini

Garth Henning

Stephen Horan

Janies LeBlanc

Warner Miller

William Ryan

1999 NASA Review Participaats

February 23, 1999

Affiliation/Address

A e e ety

ATSC/WSC
P.O. Drawer 9000
Las Cruces, NM 88004

Telemetering and Telecommunications
Research Center

Klipsch Dept. of Elec. & Comp. Engr.
Box 30001, MSC 3-0

Las Cruces, NM 88003

NASA/JSC
2101 NASA Rd. |
Houston, TX 77058

NASA, White Sands Complex
P.O. Drawer GSC
{as Cruces, NM 88004

NASA/GSFC
SGT-INC

7701 Greenbelt Road
Greenbelt, MD 20771

Telemetering and Telecommunications
Research Center

Klipsch Dept. of Elec. & Comp. Engr.
Box 30001, MSC 3-0

Las Cruces, NM 88003

Telemetering and Telecommunications
Research Center

Klipsch Dept. of Elec. & Comp. Engr.
Box 30001, MSC 3-0

Las Cruces, NM 88003

Goddard Space Flight Center
Code 564
Greenbelt, MD 20771

Electrical and Computer Engr.
University of Arizona

P.O. Box 210104

Tucson, AZ 85721-0104

Phone/Fax/Email

(505) 527-7022
(505) 527-7302

sallen@mail wsc.nasa

(505) 646-1008
(505) 646-6417 FAX

pdeleon@nmsu.edu

(281) 483-7049
Charlene.E Gilbert1@{sc.nasa.gov

(505) 527-7002
(505) 527-7302

bryan.gioannini@gsfc.nasa.gov

(301) 614-8600 ext. 367
ghenning@sgt-inc.com

(505) 646-5870
(505) 646-6417 FAX
shoran(@mnsu.edu

(505) 646-3919
(505) 646-6417 FAX
leblanc@nimsu.edu

(301) 286-8183
(301) 286-0220 FAX

warnerh.miller@gsfc.nasa.gov

(520) 621-8650
(520) 621-8076 FAX
Rxan@gce.arizona.edu



Tom Shay

Robert Stone
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Don Wilson

Roger Wye

Pen-Shu Yeh
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Research Center

Klipsch Dept. of Elec. & Comp. Engr.

Box 30001, MSC 3-0
Las Cruces, NM 88003

NASA/GSFC
Code 561
Greenbelt, MD 20771

NASA (Retired)
701 Frank Maes Ave.
Las Cruces, NM 88005

NASA/GSFC
7701 Greenbelt Road
Greenbelt, MD 20771

NASA/GSFC
SGT-INC

7701 Greenbelt Rd.
Greenbelt, MD 20771

Goddard Space Flight Center
Code 564
Greenbelt, MD 20771

(505) 646-4817
(505) 646-6417 FAX

tshay@nmsu.edu

(301) 286-5659
Robert. W.Stone(@gsfc.nasa.gov

505) 523-1497

(301) 614-8600 ext. 341
Don. Wilson@SGT-INC.com
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(301) 286-4477
psyeh@psy.gsfc.nasa.gov
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PROGRAM OVERVIEW
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BANDWIDTH EFFICIENT MODULATION
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PARALLEL SIGNAL PROCESSING
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TURBO CODES
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CODED PARTIAL RESPONSE

OVER SATELLITES

Ali Ghrayeb

Advisor

Dr. William Ryan

New Mexico State University

Center for Space Telemetering and Telecommunications

(Dr. Ryan and I are currently with the University of Arizona, Tucson, AZ)

February 23, 1999
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OUTLINE

Introduction to Partial Response
Class I (PR1)
Class IV (PR4)

Satellite Channel Model

Signal Constellations for
QPSK
8PSK
2-dimensional PR1 and PR4

Coded PR Simulation Diagram

Performance of Coded PR1 and PR4 versus coded 8-PSK
Future Work

Conclusions
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Introduction - Class I (PR1)

e Encoder

..........................................

® ¢p=ap+ay_ = c(D) = a(D)Y1+D) = a(D)hy(D)
e Frequency response:
m(f)= hl(D)’ Deo-J24T
=1 +e—j2W0 — (ejWO + e_jWO ).e—-jquO

= 2-cos(7;fT0)-(e_jW0 )

e PSD:

G(f)= —Tl—lhl P = ;‘—-cos%zﬂo)

1R

TN

L T L U S TR S TIR AR TR TR B COm )



Introduction (Cont’d) - Class IV (PR4)

e Encoder

® G=ar-ar, & D)= a(D)1-D?) = a(D)h,(D)

¢ Frequency response:

R =D)L

=2.T, -sm(zz;/TO)-(e_jzm% )

e PSD:

G =2l (1 = 4., -sin 21T,



PSD - PRI

PSD for (1+D)

PSD

W A G O N o
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PSD (passband) for (1+D)
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modulated PSD
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frequency (Hz)
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PSD

PSD (Cont’d) — PR4

PSD for (1-D"2)

(o) B

w

A

PSD
w A

A
\
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\

0
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-0.5
nca'zed frequency ‘Hz)
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PSD (passband) for (1-D*2)
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Satellite Channel Model

I B

» AGC lfv h,(t) TWT s hy(t) — ity 1 acc

* For later convenience, define bandwidth-efficiency (BE) as

BE = — , where R, =bit rate, and f,, = cut-off frequency

R
v\h.l

SRR r [}



Signal Constellation

QPSK

QPSK 2—dimisional signaling constellation

2 T T ! J T 7 T
* transmitted signal rect filter
N S S X received signal match filtered | |

-1.5

bw eff. Rb/Fco= 4.00 [bps/Hz]; mean corner amp=1.00,:SNR=inf

L ; i ; i ; ; |
-2 -15 -1 -05 0 0.5 1 1.5 2
Q channel amplitude




- Signal Constellation

8PSK

8-PSK 2—dimisional signaling constellation

2 T ! T ; T T T
' * transmitted signal rect filter
B U UV SRRSO x received signal match filtered

-15 : : : : :
bw eff. Rb/Fco= 4.00 [bps/Hz]; mean corner amp=1.00, SNR=inf
. R i . ; i ; ;
-2 -15 —1 -05 0 0.5 1 15

Q channel amplitude

N
i,
N

Mf‘ we

-y An

ol

TR L1 [T TV TR T

X

(R AU



Signal Constellation

PR1

sqrt(1+D) 2-dimisional signaling constellation

2 T T T j T T T
* transmitted signal 1+D
S S L x - received signal match filtered | |

bw eff. Rb/Fco= 4.00 [bps/Hz]; mean corner amp=0.99,:SNR=inf

» ; .' ; ; ; ; ;
-2 -15 -1 -0.5 0 05 1 1.5 2
Q channel amplitude




Signal Constellation

PR4

sqrt(1-D?) 2-dimisional signaling constellation

15}

0.5

T 1 § T T T

T —T

transmitted signal 1—02.
x received signal match filtered _

) i 1 i 1

-15 -1 -05 0 0.5
Q channel amplitude

1

i



Coded Partial Response Simulation Diagram

TC
encoder

PR , PR
encoder decoder

TC
decoder

AWGN
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Performance of coded PR

107 1 = . .

10°F

107
. uncoded PR1

107k
5 4/5

12

uncoded PR4
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Pb

Performance of coded 8-PSK

Coded vs. uncoded 8PSK

T

10"

L

uncoded 8PSK

-
o
T

107}

-

1 L 1 e 1 L

10 .
5 6 7 8 9 10 1" 12 13 14 15

Eb/No (dB)
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Future Work

LA

e Check the performance (bit error rate) of the actual system with
more realistic assumptions, such as:

Assume non-perfect synchronization. Thus, carrier. and =
timing recovery will be investigated.

mod” [ |

vl |l

Considering up-link and/or downlink additive noise.

e Design new high rate parallel as well as serial concatenated
convolutional codes

om0

e Try sub-optimal APP decoders, such as soft-output Viterbi
algorithm (SOVA)

TRILUT T TR

e LEvaluate performance with nonlinear equalizers, such as RAM-
based equalizers.

1R



Performance or RAM-based equalizer

PR4: BER for MR Model

SNR (dB)

20
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Conclusions

Why PR?

e BW efficient (no excess BW required)

e (Constant envelope

e Easyto demgn binary TC

e Operating at low SNR when combmed with TC

il } ] o M d0 A m! 1

(A VAR N Ty TR i T AT T T



Output voltage and phase

TWT AMPLITUDE and PHASE MODEL

0.9

o
[o2]
T

bt
~
T

e
»
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(=}
wn
T

o
'S
T

T

0.2

01

T

|

1

—_—a—

TWT amplitude
TWT phase

og

05

Input voltage (normalized)
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1.5

=inf
i¥

received signal match filtered
;
0.5 1

|
transmitted signal rect filter

1.00, SNR

¥*
X

Q channel amplitude

8-PSK 2-dimisional signaling constellation
-0.5

00 [bps/Hz],f mean corner amp:

bw eff. Rb/Fco
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Synchronization at Low SNR

Jeffrey T. Drake

William E. Ryan - Thesis Advisor

New Mexico State University
Department of Electrical and Computer
Engineering

February 1999

Page 1 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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OUTLINE

e Motivation
e Work performed since last review
o Partial Response Satellite Feasibility (Ali)

e Cramer-Rao Bounds (CRBs) for MPSK

e Phase & symbol timing estimation simulations
developed for CRB evaluation

e Maximum a posteriori (MAP)

e Decision Directed (DD) block nio'feedback

e DD block w/ feedback -
e Soft DD block no feedback
e Nonlinear block estimator

e Joint phase/timing estimation - FSE

e Conclusions and future work

Page 2 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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MOTIVATION

e Operating SNR's moving lower e.g. E/N, < 0 dB
e higher data rates
* major improvements in channel coding

e Turbo codes

* Mandates new look at synchronization performance

e Phase

e Symbol

Page 3 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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CRBs for MPSK

e What is the “best” estimate of the phase

- Quality measures
a. Phase error

e=g-9

b. Mean Square Error (MSE - Jitter)
@2 =E[($-4)]

c. Cramer-Rao Bound (CRB)

- In general MSE difficult to compute T

- CRB provides lower bound on MSE for
unbiased estimator of ¢ (non-random)

—_ 2 !
e[S LTy

e Commonly compare MPSK synchronizer performance to
CRB for unmodulated carrier.

e Very loose for low signal to noise ratios (SNR)

e Tighter bounds have been published for BPSK and
QPSK (Cowley)

Page 4 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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CRBs for MPSK

e Verified BPSK and QPSK CRBs

e Derivation details were not available

e Extending work to 8-PSK CRB
e | have intermediate result
e Working on simplifying
e QPSK had 4 equations with 3 terms each
e 8-PSK has 8 equations with 10 terms each

e Qutline of derivation for 8-PSK

Page 5 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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CRB for MPSK
Outline of 8PSK derivation

Received 8PSK signal with fixed phase offset set
during the observation interval of N symbols

X, = a,e® +n;, forl =1, ..., N

Then we have for the AVERAGED 8-PSK log likelihood function

As (6, k) =
< j0 ¢y
- -3
1n [cosh( Re (Xlze ) ) + cosh( _________Im (xlze ) ]
O O
1=k-N
G -t I = P [
+ cosh( Re (Xx e2 ° ) J + cosh m(xl ° > ° ) ]]
o o

The CRB is a lower bound on the variance of any -
unbiased estimator of ¢, and is given by Van Trees as

2
CRB (¢) = [E{(alnpa(d)x]qb)) ]

-1

CRB™! (¢) =

i ' B o -]
sinh( -’-;2&) % (&) +me) - sinh [ 250) b (af v a0

k-1
E - o .
{{hk_n cosh | 2fem’ 0'2"" ) + cosh( O £1.48 o;”'o ) + cosh( V2 (’f"zo‘zml"r’o) ) + cosh ( vz (“f';Z;”JI*'T:°) )

. YA (af»a?omr’rr,[q) 1 42 I Q oI - Q
Slnh( o2 )'01— 3 (-a1+a1-n1 +n1)

[

- Q.- o I -0y 5 {alaa@ 0, ©
COSh( a{aozm‘ ) . COSh( a,a«n.“) + cosh( V2 (e eaf emTem )) . cosh( \/:(a,’zajczrr; + M L)

202

sinh ( JZ (cafeefom s ) ) &+ Az (af + af + mho. ﬁlg)

202 2 1
.

cosh ( —-L—-ar;z"“x ) + cosh( —-‘-—,—*—’Qo’"'q ) + cosh( VZ (af-of emlom?) ) + cosh ( vz L"f°2‘z;"11”51—°)—)

202

2}

Note: Through monte carlo integration using above eq. we can numerically calculate the 8-psk CRB!
But of course we would like a more convenient and insightful form of the CRB, so we continue...

Printed by Mathematica for Students

~

T T PR T B I3 ] P IT1 TT R (IR} all il .-

e 1

W

| ——— A G e Al e



nasa99_derivatiuon.nb

After much manipulation we can arrive at the simplified form of above eq.

CRB™ (¢) =
. .°;ﬁ° )2 sinh? ( .x‘;a')

ﬁx)* COSh( aﬂoﬁ“) . cosh( vz (afeat on’on")) . COSh( V2 (-af+ 28 - pl 4 n% ))2
o? 2

( cosh ( ";, 2

2 e
;'oﬁx 2 a® of
(£55) =t (25)

+

2
ale i’ afe g° '\/E (afeat «n'sn% VZ (-atea?-n'sn%
(cosh( = )ocosh(-—c,—)ocosh( ] )ocosh( 5ot )

(‘/E (-a‘;::-n‘on‘j )zsinhz ( vz (a'ozn; + 15 e 0% )
+

(cosh(‘l Fl)¢<:c>sh( ""5)+cosh(‘f_(‘ 2-; +n’ e "o))+cosh(r(‘2:: n’ n)))

al+afoen’en 2 ( VZ (~a®+af-n'en?)
(——S———L) sinh - )

+

7 2
aT+ & afs 7° VZ (af+at + 074 n% V2 (-aTeaf-p'ep?
(ccsh( = )ocosh( = )ocosh( ] )+cosh( 2o - ))

2 (58] (#55) ston [ 235 saon [ 285

2
ale B a®+ § V2 (a¥sa? +n e n®) V2 (-aT+a?-n".n%
(cosh( = ) + cosh(——) + cosh( 3 o + cosh( 5o ))

. afe . '\fE (a’og'oﬁx0h°) af J5° A (-a%-
251nh( p )s:.nh( 5 )( = )(

a'~n'oh°) )

ot
+ 2 2
res -2 Q
(cosh{ "r;," )o cosh ( —-‘:;" ) + cosh( V2 (,x,za;,,,l,,u + cosh( vz ("x;::'"r'"o) ))
Zsmh(—i—‘ ] )s:.nh( V2 (-a}- o -mtem® ) (aﬁ:‘x’ )nio, (\/5 (ajo;i;om’om") )
I '3
(cosh('azﬁ)+cosh( ‘:, )+<;osh(‘/;("’}‘:_,’"‘”))+cosh(‘l§('x > a? -0’ "))}
. 2, 5° . vz {a%+ afe 1" o 3% af+ i vz (-a*ea? -p' e p%)
2 sinh [ £35) sinh [ ) (=55 )
o 20 o? 207
=T -2 ° .0 2
(cosh( a‘;a )+ cosh( "‘;“ ) + cosh( vz (”'2’:,‘“1’“)) + cosh( vz L";:-n «ndy ))
: a? o5’ ; V2 (-atsaf-niend) aT s & V2 (aTeafsnfon®)
. 2 sinh (255 ) sinh ( 77 ) (=5 ( i )

(cosh( ,x;,{)* cosh( “:’,ﬁ') + cosh(ﬁ L'x';:,"’x'"o)) + cosh( y2 (-af " n’+ A% )}

Zsinh( ﬁL‘x""”I’”ol)sinh( vz (-a’..a-n'»no)) («,’3 (-a¥

Zo? 2
(cosh( ‘xa,

-n n))(«/_(. z;n n))

20’

a8 a2+ B° V2 (a¥+af «n* 4 0% V2 (-af+at-n’en®
)wcosh( p= )#cosh( 5 of )¢cosh( ] ))

Next we must take the expectation of above over all three variables
symbols a and noise /i and /%
This leads to an expantion by afactor of 8 inthe numberofterms...............
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CRBs for MPSK

CRB N=100
73 ! ' M ! ¥ — T
10 i —— gpsk CRB
——— CWCRB
gpsk NL est
x soft DD
+ hard DD
o
5
. %
e
£3
2 10’
o L
L
0.
*
2 3 4 5 .. 6 7 8
Es/No (dB)
o* (uniform dist) =168°7 | \ 8-psk CRB N=1000
uniform dist = —%10% . ; v T - . r : ; ,
| —— 8pskCRB
A ——— CWCRB
2 A FaN NL est
10§ A + DD est E
N
<}
T A
g0k 3
=2
s A
Q
&
o &
10° b ]
A
10-1 o " L f L L N L | "
3 4 5 6 7 8 9 10 11 12 13
Es/No (dB)
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Simulations Developed

e Implemented 4 phase estimation simulations for
performance characterization w/ new CRBs

e Two widely applied criteria in estimation

1. MAP - Maximum a Posteriori Probability

¢A=arg max P(dr)= P(FI¢)_p(¢)
/ P(7)
Where:  -¢ considered random

- Characterized by a priori probability p(¢)

2. ML - Maximum Likelihood
g=arg s max P(47)=P(FI¢)

Where:  -¢ considered non-random but unknown
Note: if we have no a - priori knowledge of ¢, if we
assume p( @) uniform we arrive at MAP = ML

3. Ad Hoc Techniques

Page 7 - J. Drake, W. Ryan, New Mexico State University, 02/22/99



1. Approximate ML Feed forward DD estimator

i (% a(-)

—j2nvi+dyy

2. Approximate ML feed back DD estimator

detector % * N

“k

Arg{ }

) a()

— j2mvi+g
P ¢

detector % *

Cp

Arg{ }

Page 8 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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Simulations Developed

3. Approximate ML soft DD estimator (QPSK)

r(t)

C D 9(-t)

- I -
| —»{T}» /
]

e/ 2rvi+gy

5 sinh R(*)I(O'2 *) — sinh IOR(O'2 *)
cosh R(*) + cosh /(*)

tan -l (

. sinh ()1 (o %) + sinh R(:)R(c> %)
cosh R(*) + cosh /(*)

Page 9 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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Simulations Developed

4. Ad-Hoc nonlinear phase estimator (Viterbi)

()T | x, P X, N
, : n=—-N
“WhYyr !
—p : -1
V2 sin2f,, 1) g Ltan™()
. a ;
(n+2)T yl’l i yl | Z J
J. _—’g ;L__”’ 2N+1”=_N
(n-1yT ’
\E cos(ngfOt)

e ML unmodulated carrier phase estimate
o with dotted box eliminated

e For PSK modulation replace dotted box with complex

nonlinear function

X, +iv, = F(py)e

where

2

5
Py =\*y t V.9 =tan

imgy

—1 In
X

e This estimator performs nearly as well as ML

Page 10 - J. Drake, W. Ryan. New Mexico State University, 02/22/99
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- r(n)

Joint estimation - With FSE

¢ Joint phase/timing estimation with FSE
e Counters ISI effects

* Symbol timing derived implicitly within FSE

‘ |
—* F E ., ....... T.> __
T/ e '
ej
L- t
h

e How does one characterize the symbol timing jitter
performance of this estimator?

* To my knowledge no published results here

* | have developed a technique to measure FSE timing
jitter

e Plan to prove analytically validity of approach

Page 11 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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Future Work

e Complete 8-PSK CRB derivation

e Modify MPSK CRB for random parameter and
constrained non-random

et ")

e Formalize FSE timing jitter algorithm

Page 12 - J. Drake, W. Ryan, New Mexico State University, 02/22/99
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